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PATENT 
CUSTOMER No. 32425 



TN THF TJNTTRD STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Johan FROSTEGARD 



Group Art Unit: 



1641 



Serial No.: 10/814,125 



Examiner: LISA V. COOK 



Filed: April 1,2004 



Atty. Dkt. No.: EPCL:010US 



For: METHOD OF DIAGNOSING 
CARDIOVASCULAR DISEASE 



Confirmation No. : 8029 



REPLY BRIEF 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-01450 
Dear Sir: 

This Reply Brief is filed in response to the Examiner's Answer mailed on June 16, 2008. 
Appellants' reply is due August 16, 2008. Also accompanying this filing is a Request for Oral 
Argument and payment of fees. No other fees are believed due in connection with this filing; 
however, should appellants payments be missing or deficient, or should any fees be due, 
appellants authorize the Commissioner to debit Fulbright & Jaworski L.L.P. Deposit Account 
No. 50-1212/EPCL:010US/SLH. 

I. Real Party In Interest 

The real party in interest is the assignee, Athera Biotechnologies, AB, Stockholm, 
Sweden. 
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II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of the Claims 

A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No "after final" amendments have been presented. 

V. Summary of the Claimed Subject Matter 

Claim 1, drawn to a method for diagnosing early cardiovascular disease, is supported in 
the specification as follows: (a) contacting a sample of body fluid with phosphocholine and/or a 
derivative thereof (Specification at paras. [0013-0014, 0016]), (b) assessing the presence and/or 
concentration of antibodies to phosphocholine and/or to said derivative in the sample by 
measuring antibodies bound to phosphocholine and/or derivative thereof (Specification at para. 
[0014]), and (c) diagnosing early cardiovascular disease based on the presence and/or 
concentration of said antibodies in the sample (Specification at para. [0004, 0013]). 

VI. Remaining Grounds of Rejection to be Reviewed on Appeal 

1. Claims 1-3, 6-8, 11-14, 16, 17, 20-23 and 26 as allegedly obvious over Mvizya et 
al. (Exhibit 2) in view of Ostermann et al. (Exhibit 4). 

2. Claims 4, 9, 18 and 24 as allegedly obvious over Muzya et al. (Exhibit 2) in view 
of Ostermann et al. (Exhibit 4) and Barquinero et al. (Exhibit 5). 

3. Claims 5, 10, 19 and 25 as allegedly obvious over Muzya et al. (Exhibit 2) in 
view of Ostermann et al. (Exhibit 4) and Smal et al. (Exhibit 6). 
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VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 

B. Rejections Under 35 U.S. C. §103 

At the outset, appellants wish to draw the Board's attention to continued points of 
confusion on the part of the examiner which appellants have repeatedly attempted to clarify. In 
particular, the examiner is repeatedly confiised by the differences between (1) platelet 
aggregating factor ("PAF"), which is the chemical l-0-alkyl-2-acetyl-sn-glycero-3- 
phosphocholine (see paragraph [0025] of the application as filed); (2) antibodies which bind to 
PAF (also known as anti-PAF antibodies, or fiirther abbreviated to "aPAF" - see paragraph 
[0039] of the application as filed); (3) and the enzyme PAF acetylhydrolase, which degrades 
PAF (see Ostermann, page 530, 2"'' paragraph). The examiner has repeatedly confiised the 
differences between these physically distinct molecules, and oflien also uses these terms 
interchangeably as though they mean the same thing. They do not mean the same thing, 
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however, and at the risk of belaboring the point, they refer to physically distinct molecules. 
Thus, a teaching in the prior art of the measurement of the level of one such molecule cannot be 
equated with the measurement of the level of the other molecules. 

(i) Claims 1-3, 6-8, 11-14, 16, 17, 20-23 and 26 as allegedly obvious over 
Muzya et at. in view of Ostermann et aL 

In the Examiner's Answer at page 5, the examiner states that "Muzya et al. teach the 
reagents and methods required by the claims." This is not true. The appealed claims are 
directed to measuring levels of antibodies to phosphocholine ("PC") and/or derivatives thereof 
However, Muzya's use of the term "PC" refers to phosphatidylcholine (for example, see the first 
sentence of the "Results and Discussion" section of Muzya), which is different from the 
molecule phosphocholine, as recited in the claims of the present application. It is important that 
the different uses of the abbreviation "PC" in these two documents are not confused. 

Next, the examiner states that Muzya only differs from the present invention in not 
specifically teaching PAF as an indicator of CVD such as atherosclerosis (Answer, page 5). The 
examiner again incorrect, and this is one of the repeated examples of the examiner incorrectly 
using the terms "PAF" and "aPAF" interchangeably as if they mean the same thing. Contrary to 
the examiner's statement, Muzya teaches the assessment of levels of aPAF, not PAF itself. The 
present invention relates to measuring levels of antibodies to PC and its derivatives (i.e., aPC 
levels) not, as suggested by the examiner, the measurement of levels of PAF itself Regardless, 
the examiner is correct in recognizing that Muzya relates to the assessment of a different medical 
condition than the subject matter of the claims. 

Turning to Ostermann, at page 6 of the Answer, first fiill paragraph, the examiner states 
that this references teaches PAF quantification in senmi and plasma and its correlation/diagnosis 
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in atherosclerotic patients. The examiner is again wrong. Ostermann teaches quantification of 
levels of the enzyme PAF acetylhydrolase, which degrades PAF, not quantification of PAF as 
suggested by the examiner. It also does not teach either the quantification of any antibody levels 
or quantification of specific levels of antibodies to PC and/or its derivatives. This is further 
example of the examiner incorrectly using the terms PAF and PAF acetylhydrolase 
interchangeably. Moving further down on page 6, in the third paragraph makes the same 
misstatements about both Ostermaim and Muzya ("measure PAF concentrations in serum and 
plasma .... teach that PAF could discriminate between low and high risk groups . . . .) 

Moving forward to the examiner's response to appellants brief, at page 9, the examiner 
states that Ostermann is relied upon to establish the relationship between PAF-aPAF complexes 
measurements and early CVD. The examiner is again incorrect. Ostermann relates to the levels 
of the enzyme PAF acetylhydrolase (which degrades PAF), not quantification of PAF or of any 
antibody levels, much less specifically the levels of antibodies to PC and/or its derivatives. 

Further at page 9, the examiner challenges appellants' contention that the claims are 
directed to measuring levels of antibodies to phosphocholine ("PC") and/or derivatives thereof, 
arguing that "the claims are drawn not only to the concenti:ation of the antibody boimd to PAF 
but the presence of said antibodies bound to PAF." Once again, the examiner is hopelessly 
confused. The examiner seems to be suggesting that the claims are drawn to an assay that 
detects the abundance of PAF-aPAF complexes {i.e., complexes between ligand and antibody) in 
the serum of a patient and (perhaps by extrapolation) gives an indication of PAF levels in the 
patient. This is wholly incorrect. The in vivo level of such complexes, or of PAF itself, is not 
assayed. Rather, the claims are drawn to an assay for levels of antibodies that have the ability to 
bind to PC and/or its derivatives, which is assayed in vitro by detecting antibody binding to 
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artificially-provided PC or its derivatives (e.g., where PC is coated onto the surface of a well in 
an ELISA assay). There is no indication that the level of antibody-PAF complexes existing in 
vivo is assayed. 

At page 10, first paragraph, the examiner seems to suggest, that Ostermann teaches the 
measurement of interaction between PAF and antibodies present in a sample. This is totally 
incorrect. Ostermann teaches the interaction between PAF and a PAF degrading enzyme (not an 
antibody), wherein PAF is added artificially to the sample to assay the level of enzyme present in 
the sample. There is no disclosure in Ostermann of measuring PAF levels, and certainly not 
aPAF levels. 

Further on in page 10, the examiner states that "Ostermann was combined with Muzya to 
make obvious the relationship between early cardiovascular disease and the complex formed 
between PAF and antibodies to PAF." Yet Ostermann says nothing about the relationship 
between early CVD and the formation of a complex between PAF and antibodies to PAF. As 
has been repeatedly pointed out, Ostermann is only concerned with serum levels of a PAF- 
degrading enzyme. It is certainly not concerned with levels of aPC as specified by the appealed 
claims. 

Next, the examiner states that she has not relied on Ostermann for the teaching of PAF 
levels or anti-PAF antibody levels in subjects. This is in direct contradiction to the examiner's 
statement on page 9, where she stated that "The reference to Ostermann was merely employed to 
establish the relationship between PAF/antibodies to PAF complex measurements and early 
cardiovascular disease." Thus, the examiner cannot even state clearly the propositions for which 
the references are or are not being cited. 
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At the bottom of page 10, the examiner states that "In addition, Ostermann teaches a 
method of adding '''C-PAF ... to serum samples . . . and measuring the interaction of PAF bound 
to antibodies to PAF. Once again, the examiner misunderstands the teachings of Ostermann. 
Ostermann does not teach measuring the interaction of PAF with antibodies to PAF, but teaches 
use of radiolabelled PAF to assay the level of a PAF-degrading enzyme in the serum of a 
patient. 

The examiner does correctly note, at the top of page 11, that Ostermann is concerned 
with assessing the PAF-degrading capacity of serum, but then fails to admit that the capacity of 
serum to effect PAF-degradation (which is a measurement of the serum level of the responsible 
enzyme, PAF acetylhydrolase) is not in any way correlated with the serum level of PAF, nor 
with the serum level of PAF binding with the antibody aPAF, nor the serum level of aPAF itself. 

Further on at page 1 1, the examiner indicates that Ostermann shows that PAF plays a role 
in the development of atherosclerosis, but again, Ostermann' s data only relates to the role of the 
enzyme PAF acetylhydrolase. This is not PAF, it is certainly not an antibody to PAF, and more 
specifically it is not aPC as recited by the claims. The examiner attempts to avoid this by 
arguing that "regardless of the method of measurement taught by Ostermann the relationship 
between early cardiovascular disease and PAF/antibodies bound to PAF is clearly identified." 
This statement could not be more incorrect. First, it does matter that Ostermann looked at PAF- 
degrading enzyme levels, and not PAF. There is not one shred of evidence that there is a 
correlation in CVD patients between PAF acetylhydrolase and PAF levels. Second, there is 
nothing in the claims regarding PAF-aPAF complexes, and thus this comment is completely and 
utterly irrelevant. 
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In sum, appellants submit again that the cited references fail to render obvious the 
claimed invention for reasons already made of record - that Muzya deals with gynecologic 
orders, not CVD, as well as phosphatidylcholine, not phosphocholine, while Ostermann deals 
with PAF acetylhydrolase levels, and not PAF levels. Moreover, the failure of the examiner to 
correctly cite to the teachings of these references renders the entire rejection non-sensical and 
hence improper. For these reasons, reversal of the rejection is again respectftilly requested. 

(ii) Claims 4, 9, 18 and 24 as allegedly obvious over Muzya et al. in view of 
Ostermann et al and Barquinero et al. 

At page 7 of the action, the examiner adds Barquinero to the citations of Muzya and 

Ostermann, merely for the teaching of ELISA formats for aPAF, This cannot correct the 

numerous deficiencies of Muzya and Ostermann, and the examiner's supporting argumentation, 
as discussed above and in previous submissions. Thus, this rejection is improper and should be 
reversed as well. 

(iii) Claims 5, 10 19 and 25 as allegedly obvious over Muzya et aL in view 
of Ostermann et al and Smal et al. 

At page 9 of the action, the examiner adds Smal to the teachings of Muzya and 

Ostermann, merely for the teaching of radioimmunoassays. This cannot correct the numerous 

deficiencies of Muzya and Ostermann, and the examiner's supporting argiunentation, as 

discussed above and in previous submissions. Thus, this rejection is improper and should be 

reversed as well. 
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C. Conclusion 

In light of the foregoing, appellants respectfully submit that all pending claims are 
enabled and non-obvious over the cited art. Therefore, it is respectfully requested that the Board 
reverse each of the pending rejections. 

Respectfully submitted. 



Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-474-5201 

Date: August 15.2008 



'^tevemL. Highlander 
eg. Nb. 37,642 
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VIII. APPENDIX A - APPEALED CLAIMS 



1 . A method for diagnosing early cardiovascular disease comprising (a) contacting a sample 
of body fluid with phosphocholine and/or a derivative thereof, (b) assessing the presence 
and/or concentration of antibodies to phosphocholine and/or to said derivative in the 
sample by measuring antibodies bound to phosphocholine and/or derivative thereof, and 
(c) diagnosing early cardiovascular disease based on the presence and/or concentration of 
said antibodies in the sample. 

2. The method of claim 1, wherein said early cardiovascular disease comprises 
atherosclerosis, hypertension or thrombosis. 

3. The method of claim 2, wherein measuring comprises an immunoassay. 

4. The method of claim 2, wherein measuring comprises an enzyme linked immimosorbent 
assay. 

5. The method of claim 2, wherein measuring comprises a radioimmunoassay. 

6. The method of claim 2, wherein said body fluid is serum prepared from a blood sample. 

7. The method of claim 2, wherein said body fluid is plasma prepared from a blood sample. 

8. The method of claim 1 , wherein measuring comprises an immunoassay. 

9. The method of claim 1, wherein measuring comprises an enzyme linked immunosorbent 
assay. 

1 0. The method of claim 1 , wherein measuring comprises a radioimmunoassay. 

1 1 . The method of claim 1 , wherein said body fluid is serum prepared from a blood sample. 

12. The method of claim 1, wherein said body fluid is plasma prepared from a blood sample. 

13. The method of claim 1, wherein said body fluid is a human blood sample or fraction 
thereof, and said measuring comprises an immunoassay. 
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14, The method of claim 2, wherein said derivative is lysophosphatidylcholine. 

1 6. The method of claim 1 , wherein said derivative is lysophosphatidylcholine. 

17. The method of claim 3, wherein said derivative is lysophosphatidylcholine. 

18. The method of claim 4, wherein said derivative is lysophosphatidylcholine. 

19. The method of claim 5, wherein said derivative is lysophosphatidylcholine. 

20. The method of claim 6, wherein said derivative is lysophosphatidylcholine. 

21 . The method of claim 1 , wherein said body fluid is contacted with phosphochline. 

22. The method of claim 2, wherein said body fluid is contacted with phosphochline. 

23. The method of claim 3, wherein said body fluid is contacted with phosphochline. 

24. The method of claim 4, wherein said body fluid is contacted with phosphochline. 

25. The method of claim 5, wherein said body fluid is contacted with phosphochline. 

26. The method of claim 6, wherein said body fluid is contacted with phosphochline. 
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EXHIBIT 2 



©Collective of Authors, 1997 



UDC 618.3-092:812.087.1]-078-33 

Reaction of antiphosphatidylcholine antibodies with thrombocyte-activating phospholipid fact^' 
and its structural cellular analogues 

G.I. Muzya, I.V. Ponomareva, V.I. Kulikov, G.T. Sukhikk 

Science and Production Centre of Medical Biotechnology, 
Ministry of Health of the Russian Federation; 
Scientific Centre for Obstetrics, Gynaecology and Perinatology, 
Russian Academy of Medical Sciences, Moscow 

The high proportion of antiphospholipid antibodies to membrane phospholipids is often 
associated with obstetrical pathology; this includes recurrent foetal loss, intrauterine growth 
retardation, hypertension in pregnancy, preeclampsia and thromboembolic complications [15]. 
In such cases, the blood serum of patients contains antibodies to the main cellular phospholipids 
such as cardiolipin, phosphatidylserine, phosphattdylinositol, phosphatidylethanolamine, 
sphyngomyelin and phosphatidylcholine [10]. Study of the specific mechanisms of 
antiphospholipid antibody participation in the development of the pathology of pregnancy 
continues [14, 15]. It has been suggested that the rise observed in pregnancy in the level of 
phospholipids in the blood due to an increase in their anabolism, the deportation of 
syncytiotrophoblast microvilli and the release of phospholipid vesicles by the placenta stimulate 
the production of antiphospholipid antibodies [10]. 

Antiphospholipid antibodies (aPL) are apparently reactive not only with 'excess' phospholipids 
in the blood serum but also with lipoproteins and cells containing phospholipid antigen 
determinants on the cell surface [14]. 

It is known that given the correct stimulus virtually all cells in mammals will release a universal 
phospholipid bioregulator, platelet-activating fector (PAF) [3] and its choline-containing cellular 
analogues - acyl and plasmalogen [4]. Phospholipid PAF is involved in the regulation of the 
blood clotting system, the cardio-vascular system and the immune system and is a mediator of 
inflammation witii a range of etiologies, of allergic reactions and many other pathophysiological 
processes. PAF plays a major role in mammalian reproduction, with an effect on virtually all 
stages of the reproductive process, from fiinctional development of the gametes, fertilisation and 



embryo implantation to childbirth [6]. Since PAF is in terms of its chemical structure a choline- 
containing phospholipid, it may be expected that aPL antibodies and aPC antibodies in 
particular would be reactive with PAF and its structural analogues, with an effect on their 
biological activity. 

The aim of this study was to investigate the reaction of blood serum containing 
antiphosphatidylcholine antibodies with PAF and its structural analogues. 

Research method 

Preparations of highly purified phospholipids of the following structure were used in the 
research project. 



1) phosphatidylcholine: Rl is C16:0 and C18:0 fetty acid residues; R2 is C18:l and C18:2 fatty acid residues 

2) lysophosphatidylcholine: Rl is CI6.0 and C18.0 fatty acid residues; R2 is H 

3) phospholipid PAF: Rl is (CH2)15,17CH3; R2 is CH3CO; 

4) PAF lysoderivative (lyso-PAF): Rl is (CH2)I5, 17CH3; R2 is H 

5) acyl analogue of PAF (1-acyl-PAF): Rl is C16:0 and CI8.0 fatty acid residues; R2 is CH3CO. 

Phosphatidylcholine is separated from egg yolks by the usual method [1]. 
Lysophosphatidylcholine (l-acyllysoglycero-3-phosphocholine) was obtained by cleaving egg 
phosphatidylcholine with phospholipase A2 and purified by column chromatography in L 
100/160 (xm silica gel [1]. I -0-alkyllyso-j«-glycero-3-phosphocholine (lyso-PAF) was obtained 
by hydrogenating bovine heart choline plasmalogens, followed by alkaline hydrolysis as 
described earlier [1], Phospholipid PAF was obtained by acetylating l-O-alkyllyso-sn-glycero-3- 
phosphochoiine with acetic anhydride in a chloroform medium and purifying by column 
chromatography in L 100/160 urn silica gel [2]. The PAF acyl analogue (l-acyl-2-acetyl-s«- 
glycero-3-phosphocholine) was obtained by acetylating the lysophophatidylcholine with acetic 
anhydride in a chloroform medium and purifying by column chromatography in L 100/160 jim 
silica gel [7]. 



CH2-0-RJ 



R2-0-CH 




Murine monoclonal antibodies to human immunoglobulins (IgM, IgG), labelled horseradish 
peroxidase (Institute of Virus Preparations, Moscow), gelatine (N.A. Semashko 
Moskhimpharmpreparat), o-phenylendiamine (Sigma), hydrogen peroxide (Reakhim) and 
polystyrene microplates manufactured by GosNIIMedpolimer (Moscow) were used for the 
enzyme immunoassay (EIA). Blood serum samples taken in the Scientific Centre of Obstetrics, 
Gynaecology and perinatology of the Russian Academy of Medical Sciences from patients with 
recurrent foetal loss, late toxicosis in pregnancy, history of perinatal foetal death, infertility and 
unsuccessful attempts at in vitro fertilisation and embryo transfer. 

EIA was used to study the manner in which aPL antibodies bind with PAF and its structural 
analogues. Highly purified phospholipids (phosphatidylcholine, PAF, lyso-PAF, 1-acyl-PAF, 
lysophosphatidylcholine) were dissolved in a 50 ng/ml methanol concentration. The resultant 
phospholipid solutions were placed onto polystyrene microplates in quantities of 50 (xm per well 
and incubated at 37°C for 18 ± 2 hrs. After each stage of the assay the plates were washed 4 
times with 0.01 M phosphate buffer solution (pH 7.4 ± 0.2). After adsorption of the 
phospholipids the wells were treated with a 0.5% gelatine solution, 100 |im per well, at 20 ± 2 
°C for 1 .5 hr. A phosphate buffer solution containing 0.5% gelatine was used for cultivating the 
test samples of blood serum and conjugates. 75 jil assay samples of blood serum cultivated in a 
1 :50 proportion were inserted per well and incubated at 20 ± 2 "C in an agitator for 1 .5 hr. 
Conjugates of murine monoclonal antibodies, with horseradish peroxidase, to human IgM and 
IgG, in 1:100000 and 1:50000 proportions respectively, were placed in the wells in amounts of 
50 nl per well and incubated at 20 ± 2 "C in an agitator for 1 hr. After washing, a chromogen 
substrate solution containing o-phenylendiamine and hydrogen peroxide was added to the wells 
and the optical density (OD) was measured after 10 minutes at 492 nm using a Labsystems 
Multiscan MCC/340 photometer. The results of the assay were considered positive if the 
average OD of the assay sample was greater than the total of the average OD for the negative 
controls and two average mean square deviations. 

Results and Discussion 

To study the way antiphosphatidylcholine (aPC) antibodies bind with phospholipid PAF and its 
structural analogues, blood serum containing IgM, or IgM and IgG phosphatidylcholine 
antibodies was taken from patients presenting with obstetric and gynaecological pathologies. In 



the case of the patient with late toxicity in pregnancy the IgG level was relatively higher than the 
IgM level, while in the other cases the IgM level was higher. 

The EIA results indicated that serums containing IgM and IgG aPC antibodies react in vitro with 
the PAF and its analogues adsorbed onto the polystyrene plates. In addition, the linking of IgM 
antibodies with phosphatidylcholine was approximately 1.5-2 times higher than with PAF, 
lyso-PAF and 1-acyl-PAF adsorbed under the same conditions, and 3 times higher than with 
lysophosphatidylcholine (Table 1). No substantial differences were found in the degree of the 
reaction of aPC antibodies with PAF, lysoPAF and 1-acyl-PAF. The cross reaction typical for 
mitiphospholipid antibodies had obviously occurred in this case. 



Table 1 

Level of IgM aPC antibodies in blood serum of patients with obstetric and gynaecological pathologies, and the 
binding with PAF and its structural analogues found from EIA 



Patient group 


Phospholipid tested 


Phosphatidyl- 
choline 


PAF 


Lyso-PAF 


1-acyl-PAF 


phosphatidyl- 
choline 


Patients with death of 
infant in neonatal 


0.580 ± 0.035 


0.759 ± 0.044 


0.387 ±0.023 


0.386 ± 0.022 


0.268 ±0.015 


Patients with foetal 


0.320 ±0.016 


0.576 ±0.034 


0.243 ±0.014 


0.208 ±0.012 


0.145 ±0.018 


Patients with late 
toxicosis in pregnancy 


0.400 ± 0.024 


0.645 ± 0.065 


0.293 ±0.0 17 


0.229 ±0.013 


0.378 ± 0.022 


Patients with 
infertility 


0.541 ±0.031 


0.727 ±0.073 


0.4 10 ±0.024 


0.356 ±0.021 


0.268 ±0.016 


Healthy fertile women 


0.050 ±0.003 


0.126 ±0.007 


0.062 ±0.004 


0.051 ±0.003 


0.074 ±0.004 



Note: In Tables I and 2 the values given are for average OD at 492 nm ± a 



In the serum of patients with low levels of IgG aPC antibodies the differences in the way they 
bind with PAF and its analogues were slight (Table 2). However in the serum of the patient with 
late toxicosis in pregnancy a high level of IgG antibodies reactive with PAF and, significantly, 
to a lesser extent with its analogues w^ noted. It is not impossible that this patient had specific 
antibodies to PAF. 



Table 2 

Level of IgG aPC antibodies in blood serum of patients with obstetric and gynaecological pathologies, and the 
binding with PAF and its structural analogues found from EIA 



Patient group 


Phospholipid tested 


Phosphatidyl- 
choline 


PAF 


Lyso-PAF 


1-acyl-PAF 


phosphatidyl- 
choline 


Patients with death of 
infant in neonatal 


0.189±0.011 


0.227 ±0.013 


0.I4I ±0.015 


0.098 ±0.006 


0.086 ± 0.005 


Patients with foetal 
loss 


0.126 ±0.008 


0.250 ±0.016 


0.1 27 ±0.009 


0,089 ± 0.006 


0.076 ± 0.008 


Patients with late 

toxicosis in pregnancy 


0.574 ± 0.034 


I.OU ±0.059 


0.152 ±0.010 


0.097 ±0.006 


0.149 ±0.009 


Patients with 
infertility 


0.085 ±0.005 


0.221 ±0.014 


0.1 14 ±0.007 


0.089 ± 0.006 


0.050 ± 0.003 


Healthy fertile women 


0.061 ±0.004 


0.134 ±0.008 


0.064 ±0.004 


0.057 ±0.004 


0,050 ±0.003 



It is known that the antibodies to PAF may be evoked in rabbits after the introduction of PAF 
preparations containing C6:0 and C:12 alkyl residues, and PAF analogues (l-0-(co-oxyalkyl)-2- 
acetyl-fH-giycero-3-phosphocholine, l-0-(l 5'-carboxypentadecy!)-2-N, N-dimethylcarbamoyl- 
5«-glycero-3-phosphocholine), covalently linked to methylated BSA [8, 11, 17, 18], The 
identified antibodies to PAF were highly specific and were not reactive with lyso-PAF, PAF 
enantiomer, PAF methoxy analogue, lysophosphatidylcholine, phosphatidylcholine or PAF 
analogues containing propionic or butyric acid residues at the sn-2 position [8, 1 1, 17]. With the 
different molecular types of PAF containing C16:0, C18:0 and C18:I alkyl residues at the sn-\ 
position, tiiere were some small variations in the bonding of the antibodies, and the greatest 
bonding of antibodies was observed in CI 8:1 PAF [8]. These results indicate that the high 
specificity of antibodies to PAF depends on the recognition of the acetyl group at the sn-2 
position and the trimethylammonium group of phosphocholine in the PAF molecule [17]. 

In contrast to the highly specific antibodies to PAF, aPC antibodies are not highly specific and 
are reactive with" other phospholipids. It has been shown that antibodies to phosphatidcholine 
can be evoked in experimental animals by introducing erythrocytes, an emulsion of dipalmitoyl 
phosphatidylcholine in BSA or phosphatodylcholine liposomes, and they can also be produced 
by hybridoma technology [9, 12, 13, 16, 19], aPC antibodies are also capable of binding with 



lyso-phosphatidylcholine and sphyngomyelin [12], that is, they are capable of recognition of 
phosphocholine fragments of the polar part of phospholipids. 

The results of this study show that IgM and IgG aPC antibodies in blood serum from patients 
with obstetric and gynaecological pathologies are capable of binding in vitro with PAF and its 
structural analogues which differ from PAF in the type of bond at the sn-l position: a simple 
ether bond in the case of PAF and an ester bond in the case of 1-acyl-PAF. 

What are implications of this observable reaction of aPC antibodies with PAF and its analogues 
in the pathogenesis of antiphospholipid syndrome (APS)? Thrombosis of the vessels of the 
placenta is thought to be the main mechanism in the development of obstetric pathology, with 
one of the causes of its occurrence being the major role played by the reaction of aPL antibodies 
with endothelial cells and thrombocytes [14]. It has been shown that the binding of aPL 
antibodies with endothelial cells leads to a reduction in the synthesis of prostacyclin, while their 
reaction with thrombocytes initiates the activation of thrombocytes and subsequent increase in 
the synthesis of thromboxane A2 and the release of adenosine diphosphate (ADP) [15]. At the 
same time, due to the presence of anticardiolipin antibodies, the endothelial cells release PAF 
[6]. Thus the increased production by cells of proaggregating agents such as PAF, thromboxane 
A2 and ADP along with the reduction in the synthesis of prostacyclin can cause the formation of 
intravascular aggregates of thrombocytes. 

It is known that, in the blood circulation, PAF, released by cells binds with albumin and plasma 
lipoproteins [2] while free PAF is cleaved by acetylhydrolase associated with low density 
lipoproteins [5]. aPC antibodies can, e^parently, bind with PAF in the microenvironment of 
cells actively producing PAF. It can be suggested that the formation of a compound with an 
antibody can inhibit the cleavage of PAF by acetylhydrolase. 

An another important implication of the reaction of aPC antibodies with PAF may be the 
disturbance of the process of fertilisation of oocytes by spermatozoids. It is known that PAF 
stimulates spermatozoid motility, the acrosome reaction, and the process of fertilisation and 
implantation of the embryo [6]. Apparently aPC antibodies can significantly disturb these 
processes by removing PAP from the interaction of ceils in the reproductive system. It is 
possible that unsuccessful attempts at in vitro fertilisation may be associated with a disturbance 
of the process of fertilisation and implantation of the embryo as a result of the binding of PAF 



with aPC antibodies. It is therefore possible to suggest new links between APS and disturbances 
of the fertilisation processes in humans. 

CONCLUSIONS 

1 . Antiphosphatidylcholine antibodies in the blood serum of patients with an obstetric and 
gynaecological pathology bind in vitro with phospholipid PAF, PAF lysine derivatives and PAF 
acyl analogues. 

2. Antiphosphatidylcholine antibodies bound with PAF and its structural cell analogues are 
likely to be associated with the presence of phosphocholine fragments in the structure of certain 
phosphoglycerides. 
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Trans notes: 

1 . thrombocyte activating phospholipid factor: The literal translation has been used in the title, since it is 
a title. Elsewhere in the text the more usual English platelet activating factor, PAF, has been used. 

2. structural cellular analogues: this Russian term has been shortened to 'structural analogues' 
throughout the translation. 

3. Patient: in this text, the Russian uses the word 'female patient'. 

4. Phosphatidylinositol: This term has been used to translate the Russian 'phosphatidylinosite'. 

5. late toxicosis in pregnancy: the Russian term, 'OPG-gestoz', was introduced in 1987 for late toxicosis 
in pregnant women; the O G P stands for oedema, proteinuria and hypertension. 
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tSB DBGSIDATJOT OF PLATBLST-iCTlVATlHO FACTOR W S^ MTO Its 
DIBCSIKWATIVE VALtJB IH ATSBSOSCa-ISHOTlC PATIEHTS 



Q. Oeteraaiai, A. Lsas*. Holtz*, K. RShXtng. 
L. Wliil:ler*=», and, tJ. Till 

Instltut tar PathQloRisclM* BloclifiBl«, 

ifedlainlBolw Atodanle. 6010 Brfurt, DDR 

— loetltut fur PatHottocHeal*. Prledrloli-ScbUl^i— TJniveraltM. 
Zantrtler Platz. 69 J ana. DDB 

(Received 7.4,1988; accepted In revised form 28.9.1988 
by Editor H. Schroer) 



aasiEACi.' 

Platelat-octivatlng factor <PAF> ie h 
rApi<lly into blQlQgS.call7 inactive lyso-PAP. This 

i-eic+iaTi a© as lipid parftJdBtere war* quant If led la 

eertin from 40 sui-vivore of layocardlal Infarotlon and 36 
healthy contrale Hatched for aa« a»dl *«*y weight. The 
PAF-desradiOK csapacity w« 23* tp<0. 001> hlgJ^r In 
patiaats coiqjared with the coatrtol group. HTBlBfir th« 
desradatlon of PAP as an uxi4v«i-iat«i dlserl»liM»tor aore 
than 70* of subJo«yte wsra olasslflad carreotly. This IP 
ooaparabla Vflth tha dlccrialnatory value o£ tJw be«t 
Hold variables, apallpoprotaln B and HDlr-eholeeterol. 
Statletlcally elB»lfieaat differance^ la tha degrada- 
tion of PAP wra found also by ooa^wring subgroupo 
whidli wara wtchad for plaonia level* of 
ehnle«tarol, TLIJl./tDL-ohola«t«ral or apalipai>rot«lB B. 
Tl» ratio KDlr-chaleetarol/dapradatlan of PAF *(hlch is 
inoreamid toy 48 * <p<0.00Ol) In th« oa*6 group was 
Identified as an additional Rood dieorlmln«tor b«t»<wn 
both Rroups. In contrast, platalot agciregatlon teots 
nUiah mre parforawd m acotylaalicycllc acid treated 
platelet-rKSh plaeaa dlBcrlrdnated poorly 
patlantB aad controls. 



Kay mrds! Platelat-Acstlvatlns ^otor, Llpeprotelne, 
Platelet Function Taste. Atharoeolertiala 
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.T.FrRQPTCTlOlir 

PlB-teiet-aotlvatins factor <PAF. i-Q-alkyl-a-CJ-aoetyl-sa-- 
Klyoero-S-pbosphDchollne? Is an ejctraaiBly potent Itpld mediator 
Cl] vrhieU IS considered to be Involved in various inf lamniatory, 
respiratory, and cardiovascular disorders C2]. 

TJie effects of PA1» are llioited in vivn a rapid reiBOval Of 
the 2-O-acetyl group 133. This reaction Is catalyzed by a PAF 
specific acretylSydrolaee C45 wHlch le found In various tissues 
aid cells ae well as m eerun or The plasmic PAF- 

acatylbydrolaSB which has been purified recently C53 is 
strongly bOUtvd to lipoproteins £6-83 and has properties 
soinef^at different from those Of tte cellular eazy^ [ 9] . 
InvestlgatioRS on tue uptake and degradation of ?AF by 
individual lipoproteins revealed that the lipoproteins play a 
aiore cOMplex role In the degradation of PAF than siaply biudlng 
PAF-acetylhydrolase CIO]. Moreover, we recently have shown 
that the degradation of PAF in seru* and plaesia correlates 
highly significant with the lipoprotein profile C7] and is 
inlreised in patients sufferias froa> peripheral vascular 
d?^ie C113. Ataorinal hl^h PAB-aoetylhydrolase activities were 
fo^l^l«o in plas»a of lA-tlents with fa»lllal LCAT deficiency 
C 123 and a case Of Tansier disease tl3J which is characterized 
by the virtual absence of high density lipoproteins. 

In view Of these Bianlfold relationships between the lipo- 
protein profile and the degradation of PAi^ and the well Snown 
role of lipoproteins as inportant rlsli factor for 
atherosclerosis 11143, the present study was undertaken to 
establish whether serum PAF-aoetylhydrolase is useful to 
discriminate between patients sufferlns from cardiovascular 
diseases attd healthy subjects. 

For this purpose the degradatlan of PAF and various lipid 
variables were measured in serum from survivors of myocardial 
Infarction and an age- and body weight matched control group. 
Additionally, some functional parameters of platelets 
represeotlnis one of the target cells of PAF which play also an 
in^ortant role in atherogenesls £15), were included in this 
study. 



nTiP.fl owl IS and r«ag«-Titsr ' •^C-PAF Was prepared by reacting l-O- 
hexadecyl-cau:-5lycera-3-phOSpbochallne With T'C-acetlC anhy- 
dride <30,5 MBq/ms. Isacommerz GmbH, Berlin. GI>H> In anhydrous 
pyridine as described previously t 163 . The labelled compound 
was ahromatographed on si Ilea gel resulting In a radiopurlty Of 
greater than 95%. It was dissolved In albumln-PBS C2.B mg human 
serum albumin per ml of phosphate-buffered saline, pH 7.47, 
stared at -20 *C, and further diluted with albumin-PBS 
Immediately before use. 

R^',Mf^.fiz Two groups of male subjects, 40 patients with 
clinical evidence of atherosclerotic diseases and 35 age- and 
body yjelght-nBtched healthy subjects were included Into this 
study. The case group was recruited from outpatients of the 
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Cimlc of intei-nal JfedlclM of tUe Medical Acadeny of Erfurt 
Slid, b&d survived, a myocardial infore-fcian aii laast one year 
before -their entry into tHia study, l^ocardlal Infarction was 
flacumented lay specific criteria Including electro cardlographlo 
cHanses, elevated eerum en^yilfeS, ajid typical syjDptOOTS. The 
control group consisted of heaXtby volunteers Who had no fcnovm 
history of aymptoais of heart disease C 173 . 

IpTnn,^ ^^n^^ff T,i>.talat tw-BTWimtlmi; Blood was always takeu 

by venipuncture after an overnight faBtiag. Seruw and heparin 
plasma were separated by centrif ugation and stored frozen until 
further analysis. To prepare platelatB, blood was collected 
into 0.1 volume citrate/ ASA <0. 11 jnal/l trisodiumcltrate / 0.5 
annDl/l aoetylsalicyllc acid) and centrifuged. for lO mln at 
gOOxft. The platelet-rich plasma <PRP> was aspirated, adjusted 
to 2.5±o.25el0« pXatelets/ml with autologous platslet-poor 
plasiaa <PPP>, and stored in tightly stoppered plastic tubes at 
raan tefflperature, PPP was obtained by eentrlf ugatlon of PKP for 
10 lain at 1400X6. Aggregation test© were started ©0 min after 
blood oollectlon. 

F.ft.F-t1flgmfl1ng copnfTitY; The degradation of PAF in serum was 

measured und.er standard conditions by a method similar to that 
described by BLAKK et jxl . 1 41 . 50 >il serun dilution <1: 19) were 
added to 0.5 ml of 11 ^^C-VKP at a teil^erature Of 37'C. 

After 5 and 10 fflin the reaction was terminated by transferring 
allquots of 0.2 ml into 0.6 ml of ice-cold ohlorof arin/iiiHthanol 
<2/liV/v>. The samples were mixed and then centrifuged at 
aoooxg for 3 min. The upper phase was rsniDved, washed with 
chloroforiB and finally the amount of i*C-acBtate was assayed by 
liquid scintillation counting. Mean values of four separate 
incubations were used. 

t^^dp «T.d .^jpnUpnmrnrtPiliiRt Triglycerides and cholesterol were 
maasurod In heparin plasaa by enzymatic joethads using 
eoanaeroially available test kits CBoehringer, Mannheim, FRG>, 
Cholesterol of the high density lipoproteins CHDL> was measured 
after precipitation of very low density lipoproteins <vldL> and 
low density lipoproteins CLDLJ With, phospbotungstate-HgClw. 
VLDL/I.DL-ohalesteral and LDL-cholesterol were then calculated 
by difference and according to the formula of FRIEDEVALD C 1B3 , 
respectively. The apolipoprotetns Capo) A- I and B were Measured 
by iMmunonephelometric aethods as described elsewhere t 19, 203. 
Fl ^^.«>it.t f iiTin-ti rwi taatis; Platelet aggregation was measured 
turbidlmetrlcally according to BOMT CZID using a two-channel 
aggresoneter, model HLVI S40 <Elvl Logos, Jtiian, Italy). After 
calibration with FfiP and PPP the aggregation was trigsered by 
adding 20 jil solutions of PAF, ADP or collagen to 200 |a1 PEP at 
a cuvette temperature Of 37 *C and a constant stirring spaed of 
900 rpm. Platelet responses were measyred as maximum increase 
in light transmission (£>T5 occurring within 1 and 3 min after 
adding the inducer. Additionally. ADP- and PAF- concent rat ions 
response curves were constructed and tjie concentratian raquireO. 
•to produce a half-maxtiaua aggregation response tEC=o) was red 
by interpolation, ADP, PAF, and collagen were used in final 
concentrations Of 0.5-15 jiK, 0.02-10 ^K, and 5 j*g/wl. respec- 
tively- 
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Moreover, platelet respanses were studied, in wbola blood . Fur 
tUs purpose Atttlcoagulated blood was placed into an 
«tggrasometer euvette and s-tlrrad for 10 win. Aliquots ware 
talcen before and after stirring, transferred into amnanlum 
oxalate/xylDcltin and counted for the nuaber of sinffle 
platelets by use of pliaee contrast microscopy. Spontaneous 
aggregation was expressed as tlxe percentage loss of single 
platelets obtained after stirring. 

StatietJriwI wTmlysBs: The variables of bath, groups were tested 
for normal distribution using tba KDX.KQGOHOV-smEirOV test. 
Statistical significances between group means were assessed by 
the two-toiled. STUDENT'S t test and in one case by the paired 
WILCOXOH's rant test, Linear correlations were calculated to 
evaluate relationsllips between various parameters. Univariate 
discriminant analysis was parformed by setting cut off points 
according to the criterion of jninimal apparent error rate 
representing the sum of falsely positive and falsely negative 
classified Individuals. 



Seventy six nsale subjects, 36 healthy volunteers and 40 
atherosclerotic patients were included in this study. The age 
of the controls was 53±5 years and that of the patients was 
52±7 years. Broca Index was 107*12* In both groups. The 
subjects of the control group did not taie any drug for at 
least two weeks prior to blood saiipling. Coronary and 
peripheral arterial diseases were excluded by physical 
examination as well as by electro cardlographlc examination 
during and. after exercise. The patients had survived a 
myocardial infarction 1-18 jrears before their entry into this 
study and were adjnlnletered with aspirin <7 oases), calcium 
channel blockers <17 cases) and nltrovasodllators <18 cases). 
They did not suffer from other diseases particularly essential 
hypertension and diabetes mellitus and were refrained froTO 
taking 6-bloclters 3 weefes prior to blood sampling. 

The first step of our analysis was to characterize the 
distribution and location Of the bloobenlcal parajneters in the 
two groups. All variables were distributed normally and 
fulfilled the necessary conditions for the application of 
parametric statistical procedures. There Vfas also a 
considerable overlapping of most variables for patients and 
controls. In spite of this fact, a eomparison of the mean 
values revealed a series of significant differences between 
both groups <see Table 1). Thus, the degradation of PAF was 23% 
higher In serum from the case group compared with the controls. 
Also the serum lipoprotein profile of the patients was 
characterized by the typical abnormalities. Concentrations of 
triglycerides. VtDL/LDL-cholesterol and apo B were significant- 
ly increased and those of H0L-cholesterol and apo A-I signifi^ 
cantly lowered. The differences observed between bath groups In 
total- and LDL-chol ©sterol were statistically not significant. 

To evaluate the discriminatory power of the various para- 
meters, cut— off points and apparent error rates were calculated 
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Csee alsca Table IJ , Accordliiff to the criterion of mlnlnal 
error rate, apa B, HDL-cbolasterQl , and the degradation of PAS 
were Identified as tie best discriminatora "betvraea patients and 
contrnis. Using ttese varla'bles as single paraaaters more ttan 
70% of the subjects vf©re classified correctly. Triglycerides, 
VLDL/LDL-cholasterol, and apo A-1 wiicb ware also significantly 
different in ^>ath groups resulted In higher error rates conr- 
pared to the former variables. 



PiP-DegradlnB Capacity Cmnal/nil x min> , Lipids <liiniOl/X J and 
ApDllpoprotelns <;g/l> of Hannal Subjects and Survivors 
of Kyocardial Infarction 



Fara:«et^ 


Controls 

<ir = 3e> 


Patients 
iV = 40> 


COP 




P 


Degradation of PAP 


31.B±B.26 


39.0±7.3B 


33.4 


29 


««» 


Total cholesterol 


6.49*1.30 


6.74*0,61 


6. S3 


34 


n.s. 


HDL-eholesterol 


1.45±0.27 


1. 19*0.26 


1.26 


S9 


«»* 


Vl.DL/LDl.-choleeterol 


9. 044:1.39 


5.5S40.77 


5.13 


32 


* 


LDL-cholesterol 


4.34*1.27 


4,55*0.76 


4.36 


40 


n. e. 


Triglycerides 


1.55*0.69 


2.21*1.09 


1.60 


34 


**■ 


JLpo A-I 


117*16 


104*14 


108 


36 




Apo B 


96*29 


112*15 


103 


25 


** 


Keans ± S.D. 


are shown, S 


- number of 


aubj ectss 





COP - cut-off point; AE5 - apparent error rate; 
n.s, - not significant <p>0.05); *p<0.05; 
«»p<0,01; *»'*p<0.001s 



The laean PAF-degrading capacity of aorum from myocardial in- 
farction survivors was found to be significantly increased also 
m a comparison with that of controls who had Identical serum 
levels of total cholesterol, TLWi/LPIr-chole^terol or apo B (see 
Table 2>. 

In addition to the degradation of PAF and some lipid 
paraneters also the platelet aggregating Itehavlour was studied. 
To elittlnate variations due to the medication of patients with 
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DeffTodatlon of FAF Cnaol/Ba x alii) In Serum fx-om Survivors 
of Kyocardlal Xnfarction and fiaalthy Can-trDls Haliebfld far 
Lipid Panunetere 



Jtaxeib&a. Vammtear 


V 


CoiJitrol£i 
<14Baii±SD5 


Cltean±SD> 


P 


Tot«l cholesterol 


19 


32.0*7.3 


37,r±7.4 




VLSIL/LDL-clialeeteral 


IS 


24. 5±10 


37. Ode.S 




LDL-ebaleeterol 


18 


30.0±r.4 


3e.e±6.7 


** 


flplr-ebol^aterol 


15 


33. 9^.4 


S6.7±6.a 


€. 


Trlfflyceri'dee 


SO 


33.2±S.5 


37.8±8.0 


n.s. 


Apo A-I 


15 


32,3±H 


S7.r±6.2 




Apo B 


11 


93.1*3.0 


40.4db6.4 


* 



Xean values were cnnipared by tli« paired VlLCOXOir ranut sua test. 
5 - mirfber of pairs; n.s. - xiot slgnlSleaat <p>O.OH)j 
*p<0.05i .**p<0.01 



Platelet Ae^e^atlan ta PLaema from Vormal Subjects and 
Gurvlvtire of XyocardiaX Infarction 



faroiMter ControlB X^tlenta Slgnlfl-^ 

(5 = 36> <s ■=» 40> caxioa 



ADP tATi«»« <cm>] 


1.4*1.2 


1.7±1.0 




ASP CBCm iimol/lil 


2.5±1.4 


2.0*0.6 


p<0, 05 


PAF [ATimir, <em>] 


3.4±1.7 


2.7±l.e 


n.s. 


PAP CSCbo (fUBol/lJI 


0.45±0.4 


0.34±Q.21 


n.s. 


Collagen CATamin (ott>3 


3.4d:1.4 


3.7±1.6 


U.B. 


S!pont«iw)au9 


14.44:10.7 


12.2d:e.e 


n.s. 



neaAs * 8,0, are teham. S - niudjer of eubjeots; 
n.s. - not eljsnlf leant Cp>0.05>{ 
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ASA, these studl' 
platelete. Sponti 



were perforiped, wltii tile use of ASA-treated 
□us ag-grega'tloti In whala blaod as well as 
tia APP-, PAF-. and collagfen-induced asgregation responses were 
meastired. in PRP. As shown ±n Table 3, a statistically 
signif icaat dlffei-anee was otily. olitained by coinpEirinff the ECao 
values of the APP- induce d platelet assregation. 

Linear oarrelatlan analysis of the jpeasured. paransters 
revealed a series of significant relationships lietvuBsn the 
aegradAtlon of PAF and the lipoprotein profil (see Table 4>, 
Thus, PAF-hydrnlyalffi in the control group correlated poaltlvely 
vfith the concent rat ions of total ohalester-ol. VLDL/LDL- 
cholestercl, IPL-cholesterol, as well ae apo B, There was also 
an Inverse earrelation betvfeen. the level of BDL-'Chalesterol and 
the degradation of PAF. Similar but dietlnotly weaker 
relationships were found in the patients group. In contrast, 
there were no statietlcalXy ©ignlfieant correlations between 
any of the platelet function values and the degradation of PAF 
as well as any lipid parameter- 



Selatlonehlps Between the Degradation of PAF and 
Concentrations of Lipids and Apolipoprotelns 



' carreIa1:lon coefficient 



Total cholesterol 

HDL-cholesterol 

VLBL t LDL-^chol ee t er ol 

LBL-cholesterol 

TrtglycQridas 

Apo A- 1 

Apo B 



0.6653-=-* 

0,7165**=* 
0.6891*** 
0.3751* 



0. 3353* 
0.4467** 

o.zrsc--- 

0.2531'"-' 
-0.1943^-' 
0.3954" ' 



Besides single parameters also some ratios have been i 
lated for each subject <eee Table 5>. The well established 
quotients tot«tl-/HPiC-cholesteral and apo B/apo k-X ae well ae 
the ratios PAF-des*'adatloa/HDl.-ohDlesterol and PAF-degrada-* 
tion/apo A-1 ware found to Iw significantly Increased In the 
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patients graup. tJalng the ratio PAP-defpradBticm/HDL-clialseteral 
«s dj,ecrj,jiiln«tDr, ujx-e than 73% af -thA sub;Jects Mere olaeelfle^ 
oorreotly. 



Meajis. Cut-off Points and Apparent Error Rates of Several 
Eatios of Variables 



BB-tlo Controls Patients COP AjRR p 

(Hean±SD> <Hean±:SD> c%> 



Tntal ciialasterol 

4.6S*a.5 5.6Sdbl.2 4.90 22 *** 

HPL-chDlasterol 

Apo B 
Apo A- I 

Degradation of PAF 
HDL-clialBeterol 



Desradation of PAP 

^ — . . 0 . ^B±0 .1 o . 38±0 . 1 

Apo A- I 



COP - cut off point; AfiS - apparent error ratei 
«*«p<O.OO0l; '•=»**p<0. 00001 



DTSCtTSfiTnH 

It is generally accepted that alterations in serua lipid and 
lipoprotein values are correlated vr±fh atherosclerotic diseases 
C231. Incjreased sergro concent rat ions of total clinlesteral , LDL- 
cliolesterol, high blood triglycerides, and reduced levels of 
HDL are considered as important rlslc factors for cardiovascular 
diseases 1 141 . The present study demonstrates a series of 
etrong relationships between serun lipoproteins, de^radatlaiL of 
PAF and the nanlfes'tatioo of coronary artery diseases. 

Considerlnsr the suggested role of PAP in the developaient of 
atherosolerosis tS31 it seems quite surprising that tbe serum 
capacity to Inaotivate this highly proinf lamnatory phaspjiolipld 
is significantly increased m serum Of patients suffering from 
coronary artery diseases. On the other hand, the degradation 
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af PAF is catalyzed by a specific acetylhydrolase C53 which is 
associated vfitb various Upopra-teln particles, in particular 
those containing the apo B C7,B]. In accordance vrith a previous 
study C7] a close relationship between the concentrations of 
lipids and apalipoprotelns and the capacity to degrade PAF was 
found in the Control group. At present we have no rational 
explanation for the taarlcedly weaker relationships found In the 
patients group- But there is experimental evidence that the 
degradatian of PAF depends not only en the amount of PAF- 
acetyl hydrolase but also on its distribution between the 
various lipoprotein classes t 10] - Therefore, it seejns protiable 
that the increased degradation of PAF In seruju from myocardial 
infarction survivors is attritutahle to differences In the 
canipasltian of the lipoprotein particles, Such changes night 
influence the incorporation of PAF and/or the distribution of 
PAF-acetylhydrolase which are bath known to affect the 
degradation of PAF in serum 1 103 . Although there is no proof 
that the relations:hip5 between the degr«datiOn of PAP in serutt 
and atherosclerosis are causative iji nature there are eonie 
hints to a possible use of serum PAF-aeetylhydrolase as a risJc 
indicator of atherosclerosis. 

Using the FAF-degraollng capacity of serum as an univariate 
discriminator, it is proved to exert effects ooiflparably in 
magnitude to those of the more oamnanly recognised factors of 
total cholesterol, HDL-cholesterol and the apo's A-I and B. 
This finding is supported also by two other studies including 
patients suffering frow peripheral vascular diseases ( 113 and 
diabetes mellltus <unpvbllshed results}. The group msans of the 
degradation of PAF in serum were also significantly different 
by comparing subgroups which were matched for plasma levels of 
total-cholesterol, VXDL/l,DL,-chc)leaterol or apo B. Koreover, the 
quotient PAF-degradatlon/HDL-cbolesterol was identified as a 
good discriminator. These results point to an additional 
improvement for the dlserimlnatiOB. betvieen low and high rislf 
groups by measuring the degradation pf PAF In seruitt. In spite 
of these results a final valuation of the predictive value of 
PAF degradation -in serum can be deduced only from a prospective 
clinical trial. 

Although platelet hyperreactivity is considered to play an 
important role m atherogenesls 1343 we did only find a 
significant difference between patients and controls by 
coatparing the BCs.,2, values of the ADP-induced platelet 
aggregation. Moreover, there were also no significant 
correlations between serum lipid concentrations and any of the 
platelet function values in both groups of subjects. There are 
conflicting reports with respect to altered platelet function 
associated with coronary artery diseases 125,263 as well as 
correlations between serum lipid levels and platelet reactivity 
t27.2S3. The reason for the discrepant findings may be related 
par-tly to methodical differences, or differences in the subject 
population groups. Considering our results, however. It has to 
be tafeen Into account that the platelet studies have been 
performed after blocking the eye lo oxygenase pathway by ASA 
which causes an interruption of the feedback ajirpllf leaticn in 
platelet activation by prostaglandin and thromboxane synthesis 
£293, Additionally, the results of our study may be Influenced 
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by platelet InhtbJ-toT'y effects of tie oalclua channel blockers 
and the nJttrovasodilators IQOl taJten by soine patients. 

Tbere wsb also no evidence for a x-elationsblp between tiie 
platelet ag^gregatlcm rs^ponee towaivls FAP aud Ite degradation 
in eerun, euggeetlns tlu&t the Interaction of PAF witb platelets 
In plaena C31J Is not regulated by the PAF-desradinff enzyise tlia 
PAF-acetylhydrol ase . 
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We have smdled the specificity of ai 



in 148 patients widi auuHmniune 
the pnmazy aniipiiospiiolipid 



diseases, 120 patients with systemic lupus ctytheninUisus ioid 

syndrome^ In addition, 20 patients sufferitvg &om syptulis were stadiedT As a conool giwp, 64 
healthy volunteers were investigated, Padcnt and control scium samples were tested for binding to 
seven diffetem phospholipid aatigens by EUSA. Inierescingly, 90% of (he sera from syphilis 
patients and 6% of ihc auttnmmunc patients cxlnMted a significant binding to platelet-activating 
factor (PAJF), a molecule similar to the smicnire of pho$phaiidylcboUne. In addition, die IgG iiaction 
fitHn one of the lupus patients, which showed a high binding activity to PAF, was fiircher affiniiy- 
puiified using both liposomes anil an affinity chromatcigraphy colmno, Preincubation of these 
antibodies with PAF inhibited subsequent binding to immobilized PAF. These observations might 
SHggest H puVAtive iAietacUon Of aniiphonplioHpid autoantibodies witti PAF 'in vivo', which nw 
have, in some patients, important patbopliysiological consequences. 

K«y Words: Thrombosis Syphilis AniSphosphoHpid Platelet activating factor SLE 



Introduction 

Antiphospholipid aatibodies frotri patients with autoim- 
mune diseases swell as systemic lupus erythematosus (SLE) 
or the recently described primary antiphospholipid syn- 
drome (PAPS)*-^ detected with immunoeiusym&Uc methods, 
usoally react only with negatively charged phospholipids 
such as cardiollpin (CL), pbosphatidic acid (PA), phosph^ti- 
dyliflositol (PI) Of phosphatidylserine (PS)^''*. Reacdvity 
against zwitterionic phospholipids was reported in .some 
padents'. Platelet-activating factor (PAF) is an ether- 
phospholipid with a molecular structure very similar to 
phosphatidylcholine; it has many biological fimcdons^. In 
the early 1970s, thi.i substance was initially found to be 
iBlea.sed by basophils during IgE-induced anaphylaxis'''' 
and subsequently also in patients with SLE'. It was 
identified as l-0-alkyl-2-acetyl-sn-glycer6-3-phosphocho- 
jjjjgio.n n aj^^ ,^hown that many other types of cells 
could release PAF under certain situations. These include 
platelets, endothelial cells, neutrophils and 
macrophages'^". 

The immunogenicily of PAF was first reported by 
Nishihira ei al. in 1984'^ These authors pioduced antibodies 
tfaaiieactedth viins against PAFby immunization of a mouse 
with this phospholipid. I.Ater, othor tesearchers confinned the 
ablllQ' of PAF lo induce a specific andbody response'*- ''.An 
for die measurement of PAF levels was 



developed by using speciifie antibodies''. More recently, the 
fme specificity of anti-PAP antibodies raised in immunized 
rabbits was smdled by (Ztooney et uL^^ 

Herem we report the results of our search for antibodies 
against PAF in patients widi SLE, PAPS, syphilis and in 
normal blood donors. To stody its binding specificities, we 
also affinity-purified tile plasma sample wMi tlie highest 
anti-PAF activity in the EUSA by usmg two different 
methods: a liposome-based technique and a cbFumatug' 
raphy column coaled with PAF, 



Patients and methods 



One hundred and twenty patients who fiilfilled the Amer- 
ican Rheumatism Association criteria for the classification 
of SLE^"*, 28 patients with PAPS, 40 padcnts with syphiUs 
and 64 noTOial subject (20 blood donors and 44 healthy 
hospital workers) were included in this study. Plasma 
samples were obtained by centrifi^igation (3000 rpm) of 
ciirated blood for 20min, aliquoted and stored at -20'C 
imtil ready for use. The patient "whose (dasnia wag chosen 
for tlie antt-PAF purification was a 70-year-old woman who 
had suffered firom SLE since 1956 and who had ihe 
following manifestations: polyarthritis, five unexplained 
fetal losses, thrombocytopenia, positive tests for antinuclear 
and anti-DNA antibodies, positive lupus anticoagulant test 
and IgM anticardiolipin (20MPL). 
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EUSA Technique for anri-PAF 

The ELISA method used to determine the presence of 
anticardiolipm (aCL) antibodies^^ was modified to deteoL 
antibodies against PAF. Briefly, SOjil of PAF (Sigma) 
(50jig/nd) dissolved in methanol/chlorofomi (3.1) were 
added to each well in a microtiter plate and left overnight al 
4°C. The uext steps were similar to those in tfaie aCL EUSA 
and have been described elsewh«e^'. Positive reactions 
were compared with those obtained with die aCL im- 
munoassay siad quantification was done using the inter- 
national units (GPL and MPL) used for aCL antibodies-'. 
Non-speciHc binding was ruled out in all positive samples 
by ninning them in empty ELISA plates. 

Affinity purification cfmti-PAF antil?ody 

Purification unllzing PAF liposomes Three ml of the 
patient's serum with ihe highest activity against PAF were 
mixed with 5 mg/ml PAF micelles prepared as described 
elsewhere^ and incubated at 4'C ovemighL On the 
following day this mixture was centrifuged for Ih at 
l5CXX)rpm' and the precipitate separated. This precipitate 
was washed with phosphate buffered saline (PBS) and die 
suspension centrifuged again at ISOOOipm for 1 h. This 
process was lepeaced twice. After the third wash the 
precipitate was resuspended in 1.5 M sodium iodide (Nal), 
vortex mixed and left to stand for 15 min. An' equal volume 
of chloroform was tlien added, vortex mixed and allowed to 
stand and centrifuged again at 3000 rpm for lOmiu. The 
aqueous layer that contained the affinity purified antibody 
wa.<i separated and dialysed against PBS ovecnighL 

Chromatography column coated with PAF PAF (lOmg) 
(Sigma Chemical Co., St. Louis, MO) was mixed with 
50 mg cholesterol (Sigma Chemical Co ) in a glass scintilla- 
tion vial .and evaporated under tuuxDgen as described 
elsewhen:^. Ethanol (I ml) was added and the vial was 
capped, placed in boiling water and swirled until the lipids 
wore dispersed. The vials were then removed and, after 
cooling, a 10 ml solution of 15% acrylamide. 5% BIS 
acrylamide (BIO RAD, Cambridge. MA) was added, 
followed immediately by addition of lOOul of ammonium 
persulfate (140mg/uil) and Spl of TEMED. The mixture 
was transteixed to a glass test tube, covered with parafjlm 
and aluminum foil and allowed to polymerize overnight at 
4''C. The rigid white gel was removed from the tube, rinsed 
with distilled water and minced with a razor blade. The gel 
was then homogenized using a hand operated loose fitting 
teflon pestle. The homogenized gel was waslied three times 
in distilled water, allowmg the gel to settle for 10 min and 
decanting the supernatflnt on each occasion. The settled gel 
particles were then assembled into a column (125 X 20 mm) 
and equilibrated with eight lo ten bed volumes of PBS 
(O.Ol M phosphatc/0.i5 MNaCl buffer), pH 7.3. How rates 



of 50-60 ml/h were used with only moderate compaction of 
the relatively rigid gel particles. Elution of affinity purified 
immunoglobulin was performed according to the following 
protocol. After equilibration, 8 ml of patient plasma diluted 
1:4 in PBS at the same rate until absorbance of fractions at 
2S0nm was <0.0l absorbance onit^. Tlien 30ml of eluting 
buffer, O.IM phosphate/ 0.5MNaCI buffer, pH 7.3 were 
applied to iJie column at 40-50 ml/h. The elualc was 
collected in 2 ml fractions and optical density readings and 
anti-PAF activity (ELISA) were determined. These and- 
FAF antibodies were tested against negatively charged and 
zwitterionic phospholipids. Some fractions were freeze- 
dried and reconstimicd with smaller volumes of distilled 
water as a means of concentrating them for lupus anticoagu- 
lant testing. 

Inhibition studies 

Inhibition studies of the afHnity-purified IgM anti-PAP 
antibody were performed by using a previously described 
method^. In brief, known amounts of the affinity -purified 
anti-PAF antibody diluted in PBS were incubated at 37°C 
overnight with increasing concentrations of PAF that ranged 
from 0. 1 25 to 1 mg/ml. Different diludons of these mixtures 
were then tested in the ELISA assay against PAF. 

Coanutation studies 

The lupus anticoagulant (LA) activity was measured by the 
ability of 0.1ml of the affinity-purified IgM anli-PAF to 
prolong the diluted tissue thromboplastin time when mixed 
widi 0. 1 ml of normal plasma con^arud with the mixture of 
O.I ml of this plasma with 0.1 ml of Tris buffer, both 
measured afujr incnbation at SV'C for 5 min. 



Results 

Anti-PAF activities of plasma samples 

Syphilis patients displayed an average binding activity 
hi^er than the tnean of the normal plus five standard 
deviations (SD), this difference being highly significant 
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Figure! Distriburian of anii-PAF antibody le _ . 
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li-PAF antibodies. 



conipaied with the control group (P < 0.01), The (Mffctencea 
between these groups and SLE and PAPS groups were not 
statistically significant, probably because of the heterogeiie- 
ity in the latter iwo groups. However, 1 0 samples in ibe SLE 
group and five in the PAPS group showed high binding in 
the ELISA plates (Table I) . We compared the GPL and MPL 
international units^ with our optical density and created the 
PAF units- (QPAFL and MPAFL). 

In the group of normal blood donors, only one plasma 
demonstrated low IgM antj-PAF aeiiviiy in ihe ELISA. 
Distribution of the anii-PAF antibodies levels of the four 
groups of patienis are represented in Figure 1. 

A^mijy punfUd anti-PAF 

A£fiiuly purified anti-PAF had ami-PAF activity of 
20 MPAFL, When tested by an EUSA mefliod against 
negatively charged phospholipids (PS, PA, PI. CL) and 
against zwitterionic pho.^holipids (phosphatidylcholine, 
.sphingomyelin, phosphaudylethanolamine) this showed no 
crtissreactivify. There were no differences between lipo- 
somes and cfaFomatography column in the afGnity purified 
anli-PAF. 

Inhibition studies 

The affinity-purJfied IgM anti-PAF antibody when noixed 
with increasing concentrations of PAF was progressively 
hjhlblted. Other phospholipids such as CL or phosphati- 
dylcholine were able to inhibit PAF binding activity, 
although PAF produced the highest inhibition compared 
with thai achieved by two other phospholipid!? (data not 
shown). 

Coagulation studies 

AfSnity-purlfled IgM ami-PAF antibody did not prolong the 
diluted tissue Ihromboplasrin ilme when mixed with normal 



plasma compared with the mixture of Oiis plasma wiih Itis 
buffei:. 

Inhibition and coagulation studies with the anli-PAF 
obtained with chromatography column did not differ from 
the liposomes afiRnity purified anti-PAF. The anti-PAF 
activity of the purified fraction wa.? moderate (20 MPAFL) 
and similar to the aCL activity of the serum (Figure 2.). 



Discussion 

In our study, most pia.sniii samples from patients with 
syphilis had low levels of antibodies lhai bound to. PaF in 
vitro when compared with tliose from normal blood donors. 
Sera from parifints with autoimmune diseases also showed 
significant bmding. Two of diese pacieints had high serum 
levels. Only difrerences between syphilis and norma] blood 
donors were significant (P < 0-01). 

Six of eight patienis with autohnmune diseases (SLE and 
PAPS) that reached high positive values in the assay showed 
strong non-specific bindiiig when tested in a plate without 
antigen. Only two sera showed higit specific binding to PAF 
(IgM class). One of these patients had SLE with thrombotic 
manifestations and the odier had autiiiinmune thrombocy- 
lopenic purpura. Both patients also had IgM aCL. The anti- 
PAF activity, the absence of crossreactivity with other 
phospholipids and the results of the inhibition studies 
performed with the afBnity-purificd antibody demonstrated 
that at least some of the antibodies against PAF may be 
specific and cxiitt in some autoimmune a.nd infectious 



Although PAF binding spccifidiies were previously 
reported by us and by other authors'*"*", our atu^ was the 
first one that specifically studied these antibodies in various 



As most authors agree that antipho-spholipid antibodies 
are heterogeneous. anti-PAF antibodies might represent a 
new specificity within this large family of autoantibodies. 
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A recent study showed that PAF may activate thrombo- 
lysis in response to soluble aggregates of immunoglpbulin 
G^*. Antibodies that block the action of PAF could then 
' inhibit fibrinolysis and promote thrombosis''. 
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A specific, sensitive radioimmunoassay for platelet-activating 
factor (PAF) 
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A specific radioimmunoassay (RIA) has been developed for platelet-activating factor (PAF) and shown 
to be sensitive over the range 10-1000 pg (0.02-2 pmol). The anti-PAF antibodies showed specificity for 
the acetyl group at the C2 position of the PAF molecule and exhibited no significant cross-reactivity with 
lyso-PAF or the naturally occurring lipids including lecithin and lysolecithin. The sensitivity of the RIA 
was at least as good as the platelet-based assays for PAF but the RIA was simpler to perform, had a higher 
capacity and did not have the drawback of the inherent variability associated with the bioassays. 



Key words: Plateiet-activatiiig factor radioimmunoassay; Anti-platelet-activating factor; Platelet-activating factor; Quantitation of 
platflel-activating factor 



Introduction 

Platelet-activating factor (PAF) (l-O-alkyl-2- 
0-acetyl-s«-glycero-3-phosphochoUne (Hanahan et 
al., 1980) is a potent biologically active phos- 
pholipid which induces platelet aggregation at 
concentrations as low as 0.1 nM. The biological 
actions of PAF are diverse and well-documented 
(Hanahan, 19S6). Many cells and tissues are capa- 
ble of synthesizing and releasing PAF in response 
to specific stimuli (Snyder, 1985; Barnes et al.. 
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Research, Royal North Shore Hospital, St. Leonards, NSW 
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Abbreviations: PAF, platelet activating factor (l-a-alkyl-2- 
O-acetyl-sn-gIycero-3-phosphocholine); RIA, radioimmtmoas- 
say; NSS, normal sheep serum; AcT, O.OS M sodium acetate 
buffer pH 6.0 containing 0.05% TVem 20 and 0.1% sodium 
azide; MSB, non-q>ecific binding; lyso-PAP, l-CValkyl-^in- 
giyoero-3-phosphochdine. 



1988). Because of its potency and diverse bioac- 
tions, PAF has been implicated in many diseases 
including asthma, anaphylaxis, allergy, septic 
shock, gastrointestinal ulceration, acute graft re- 
jection and certain kidney disorders (Braquet et 
al., 1987; Vargaftig and Braquet, 1987). However, 
unequivocal conclusions regarding the physiologi- 
cal role of PAF remain difficult whilst there are 
no precise assays available for its quantitation. 

Routine and precise quantitation of low levels 
of PAF in large numbers of samples by standard 
physicochemical techniques (Hanahan and Kumar, 
1987) is not a practical proposition. The most 
common methods used at the present time for the 
detection and measurement of PAF rely on the 
interaction of the mediator with platelets and 
measuring either the resultant aggregation or the 
release of tritiated serotonin (Hanahan and 
Weintraub, 1985). Although these methods are 
sensitive, they arc not easy to perform and suffer 
from the inherent variability common to all bioas- 
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says. Moreover, in biological samples there may 
be substances other than PAF that induce activa- 
tion of platelets and other substances that inhibit 
the action of PAF on platelets. Consequently, it 
has been necessary to purify samples by chro- 
matography before analysis by bioassay (Hanahan 
and Weintraub, 1985). 

A simple and specific immunoassay for PAF 
should overcome most of these problems and per- 
mit both routine and accurate quantitation of this 
important Upid in large numbers of samples. Re- 
cently, anti-PAF antibodies with the requned 
specificity have been produced in our laboratories 
(Smal et al., 1989) and have now been used in the 
development of simple PAF-specific radioim- 
munoassay (RIA) of the required sensitivity. 



Materials and methods 

Materials 

Cis-PAF, Ci8-PAF and Cu-dehydro-PAF were 
purchased from Bachem Feinchemikalien (Buben- 
dorf, Switzerland). Polyethylene glycol MW 6000 
and organic solvents were purchased from BDH 
Chemicals (Kilsyth, Vic, AustraUa) and Ajax 
Chemicals (Sydney, Australia) respectively, l-pal- 
mitoyl-2-0-acetyl-J/i-glycero-3-phosphocholine 
was a gift from Dr A. Tokumura (University of 
Tokushima, Japan). All other lipids were pur- 
chased from the Sigma Chemical Co. (St. Louis, 
MO). The IgG fraction of donkey anti-sheep anti- 
sennn was obtained from Silenus Laboratories, 
Mdboume, Australia. "*I-labelled PAF was a kind 
gift from Dr J. Czamecki, Silenus Laboratories. 

Antisera 

Ci2-PAF-methylated BSA was prepared as pre- 
viously described (Smal et al., 1989). Sheep re- 
ceived intramuscular injections of 1 mg of this 
antigen emulsified m Freund's complete adjuvant. 
1 month and 4 months after priming, the sheep 
were boosted with 1 mg of antigen in Freund's 
incomplete adjuvant and the anunals were bled 11 
days after the last immunization. PAF-acetyl- 
hydrolase activity in the antiserum was destroyed 
by incubating serum (1 vol.) with 1 M acetic add 
(1 vol.) for 6 h before adding 0.2 M phosphate 
buffer pH 7.2 (8 v<rfs.). This solution was supple- 



mented with similarly deactivated normal sheep 
serum (NSS). 

Titre determination 

Initial experiments determined the optimal di- 
lutions of donkey anti-sheep Ig (Silenus Laborato- 
ries) and NSS required to give maximal precipita- 
tion of '^'l-PAF for a given level of anti-PAF. 
Anti-PAF antisera were titrated in 0.05 M sodium 
acetate pH 6.0 buffer containing 0.05% Tween 20 
and 0.1% sodiiun azide (AcT) and supplemented 
with NSS to give a fixed level of sheep serum. The 
diluted sera were assayed as described below, and 
the titres taken as the dilutions of the anti-PAF 
anti-sera which precipitated 40-50% of the total 
'"I-PAR 

Extraction of saliva 

This was carried out according to the procedure 
of Bligh and Dyer (1959). Saliva (0.8 ml) was 
mixed with chloroform (1.0 ml) and methanol (2.0 
ml) and the mixture sonicated and vortexed exten- 
sively. Water (1.0 ml) and chloroform (1.0 ml) 
were added and, after vortexing, the mixture was 
centrifuged to achieve separation of the two 
phases. The lower chloroform phase was 
evaporated and the residue reconstituted in AcT 
buffer (0.8 ml). 

Radioimmunoassay procedure 

A PAF standard solution (0.1 mg/ml in aque- 
ous ethanol, consisting of equal parts C^-PAF 
and C18-PAF) was diluted in AcT buffer to give 
standard solutions over the range 0.1-25 ng/ml. 
Acid-treated anti-PAF antisenun was used at a 
dilution of 1/8000 in acid-treated NSS 1/2000 in 
AcT. The donkey anti-sheep Ig was diluted 1 in 
250 in AcT buffer containing 6% polyethylene 
glycol and '"l-PAF (2200 Ci/mmol, DuPont- 
NEN (NEK-062), Boston, MA) was added to give 
approx. 40,000 cpm per 100 /xl. Into duplicate 
polystyrene RIA tubes (Disposable Products, 
Australia) were placed 100 ftl of each of the 
following: sample or PAF standard solution, anti- 
PAF antiserum, and anti-sheep Ig/tracer. The Bq 
tubes contained no PAF, and the non-specific 
binduig (NSB) tubes contained only the anti-sheq> 
Ig and tracer solutions, with AcT buffer added in 
place of sample and anti-PAF. The tubes were 
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incubated at room temperature for 16 h, 4 ml AcT 
was added and the tubes were centrifugcd at 1900 
X g for 25 min. After decanting the supematants, 
the radioactivity remaining in the tubes was mea- 
sured and the percent of tracer bound to the 
precipitate (% B/Bq) calculated from the formula 
(J3-NSB)/(Bo-NSB)XlOO. The amount of 
PAF in the samples was determined from the 
standard curve obtained by plotting PAF con- 
centration against %B/Bq. 

Inhibition studies 

Solutions of some commonly occurring lipids 
and selected PAF analogues were formulated in 
AcT buffer and were then tested in the RIA, 
replacing the PAF standard solutions. The effects 
of these compotmds on the assay were calculated 
as %B/Bq. 



Results 

Radioimmunoassay performance 

The percent of tracer bound to the antibody in 
the absence of PAF (Sq) ranged from 35 to 45%. 
However, as the labelled PAF aged, this gradually 
dropped to below 30%. Non-specific binding 
(NSB) was low, ranging from 1 to 2%. 

Since natural PAF is a mixture of various alkyl 
analogues, with Cjg and C,, analogues generally 
predominating, the standard chosen for the RIA 
was an equimolar mixture of these two analogues. 
Bound I-PAF could be displaced from the anti- 
body complex with increasing concentrations of 
standard PAF, generating a standard curve as 
shown in Fig. 1. The curve, which was linear over 
the range 0.5-10 ng/ml (50-1000 pg per tube), 
could be used to quantitate PAF from 25 pg (0.05 
pmol) to 2500 pg (5 pmol) per tube. Sensitivities 
down to 9 pg/tube were obtained in the present 
studies. In four separate assays using the same 
batch of tracer, the values for 50% inhibition were 
1.30, 1.40, 1.65 and 1.70 ng/ml. G«snerally, as the 
age of the tracer increased, these values also in- 
creased. 

Specificity 

The specifidty of anti-PAF antibodies was de- 
termined by quantitative hapten inhibition studies 




Fig. 1. A typical standard curve obtained for the PAF RIA 
using an equimolar mixture of C,j- and Cig-PAF together with 
sheep anti-PAF and "'l-PAF. 



using sdected analogues of PAF in the RIA. The 
results are shown in Fig. 2. Cj^-PAF proved to be 
the most reactive analogue, requiring 0.39 pmol 
for 50% displacement, whereas 0.48 pmol of Cu- 
dehydro-PAF and 0.72 pmol of Cig-PAF were 
required for 50% inhibition. 

The acyl analogue, l-palmitoyl-2-0-acetyl-*/i- 
glycero-3-phosphocholine (1-palmitoyl-AGPC), 
was poorly recognised by the antibodies and 87 
pmol of this compound were required to achieve 
33% mhibition. 

The commonly occurring lipids were also tested 
for their potential to inhibit the assay (Table I) at 
concentrations up to 20 jug/ml. No significant 
inhibition was observed with any of these com- 
pounds. 




Rg. 2. Recognition of PAF analogues by sheep anti-PAF in 
the PAF RIA. Inhibition curves obtained with C,«-PAF (O), 
C,,., (ddiydK>)-PAF (•). CirPAF ffJ) and l-pateut<^AGPC 



186 



TABLE I 

SPECIFICITY OF THE PAF RIA: EFFECTS OF COM- 
MON LIPIDS EXAMINED FOR INHIBITORY ACTIVITY 





B/Bo (%) at 
20 fig/nil 


4;ig/ml 


Cholesteryl oicatc 


102 


104 


Triolein 


101 


102 


Cholesterol 


96 


99 


Oleic acid 


100 


100 


Phosphatidyl elhanolamine 


96 


104 


Phosphatidyl serine 


103 


106 


Phosphatidyl inositol 


106 


102 


Phosphatidyl choline 


101 


103 


Sphingomyelin 


99 


103 


Lyso-phospbattdyl clhanolamin 


e 102 


105 


Lyso-phosphatidyl dtoline 


96 


103 


AcT buffer only 


100 


100 



Lyso-PAF, the primary metabolite of PAF, was 
tested for inhibitory potency at high and low 
concentrations. At less than 100 ng/ml no inhibi- 
tion was observed. At very high concentrations 
(0.8-100 fig/ml), some displacement occurred. 
Cross-reactivity with the standard PAF mixture 
(inhibition within the range of 0.1-10 ng/ml) was 
1 in 40,000. 

Measurement of PAF in saliva by RIA 

The PAF level in a sample of human saliva was 
quantitated by RIA. Lipids were extracted using 
chlorof onn-methanol- water (Bligh and Dyer, 1959) 
in order to eliminate any effects due to the ad- 
sorption of PAF by particulate matter in saliva 
(Smal, Rodie, Cooney and Baldo, tmpublished). 



TABLE 11 

QUANTITATION OF PAF IN HUMAN SALIVA EX- 
TRACT " BY RIA 



DUution 


PAF concentration (ng/ml) ^ 


of saliva 


No added PAF 


With added PAF 






2.5 ng/ml 


1 in 2 


1.6 


4.7 


lin4 


0.83 


3.3 


lin 8 


0.35 


3.0 



* Btigb-Dyer (chloroform-methanol-water) extract. 
"* Average of duplicates 



The extracts were then tested at different dilutions 
and with added PAF in order to determine whether 
the assay was correctly determining PAF levels 
and whether the lipids caused any interference. 
The PAF levels recorded were found to be within 
the expected range (Table II). 



Discussion 

In an earlier study we demonstrated that rabbit 
antibodies to PAF could be produced following 
the injection of a Cj^-VAF analogue conjugated to 
methylated BSA (Smal et al., 1989). These poly- 
clon^ antibodies had the required specificity and 
initial attempts to develop a radioimmunoassay 
resulted in an assay similar to the one described 
here but with a sensitivity of 1 ng/ml. In an 
attempt to improve the sensitivity and ensure a 
continuity of supply of the antiserum, the PAF 
immunogen was injected into sheep. This resulted 
in the production of high litre, PAF-specific anti- 
sera suitable for RIA use. 

The procedure for the present assay is straight 
forward, requning only the addition of four com- 
ponents. The PAF-anti-PAF complex is precipi- 
tated with a second-antibody and polyethylene 
glycol facilitates this. Moreover, the use of the 
ganmia emitter ^"l-PAF as the trace results in 
excellent sensitivity; alternatively ^H-PAF can be 
used instead but this leads to diminished sensitiv- 
ity (results not shown). 

It has been shown that natural PAF is not a 
single molecular species, but a mixture of alkyl 
analogues, commonly C,g-PAF, Cje-PAF and 
C,g-dehydro-PAF (Mueller et al., 1984; Mallet 
and Cunningham, 1985; Ramesha and Pickett, 
1987). Recognition of these compounds by the 
antibodies was similar, although not identical. The 
PAF standard chosen for use in the RIA was an 
equimolar mixture of the C,g- and C,r-PAF since 
this combination is probably adequate for most 
practical purposes. 

Once die distribution in tissues and fluids of 
the biologically similar but structurally different 
PAFs has been determined, it may become neces- 
sary in the futiue to use a specific combination of 
the different analogues when measuring PAF from 
a spedfic source. It has also been demonstrated 
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that acyl PAF analogues may be produced con- 
comitantly with alkyl PAF (MueUer et al., 1984; 
Satouchi et al., 1985; Tokumura et al., 1987) al- 
though the ratio of these two analogues is variable 
(ranging from 1 : 1 to 100 : 1) d^ending on the 
source. In the RIA, cross-reactivity with the acyl 
PAF is less than 1/500, so very little ac;^ PAF is 
likely to be delected. 

The primary metabolite of PAF is lyso-PAF, 
which lacks the acetyl group and frequently occurs 
in tissues and fluids in much larger quantities than 
PAF (Pettipher et al., 1987; Prevost et al.. 1988). 
The interaction of this substance with the anti-PAF 
antibodies is extremely weak and hence no cross- 
reactivity problems with lyso-PAF are envisaged. 
Further inhibition studies aimed at mapping the 
antibody combining sites in great detail have 
shown that there is a specific requirement for a 
short chain acyl group, particularly acetyl, at 
carbon-2 of the glycerol skeleton (Smal, Baldo and 
Harle, manuscript in preparation). 

Since most extracts of biological samples are 
likely to contain large quantities of commonly 
occurring natural lipids, such as cholesterol, phos- 
phatidyl chohne, lyso-phosphatidyl choline etc. 
(see Table I), these substances were also tested in 
the RIA. No significant cross-reactivities were ob- 
served in^cating that chromatographic purifica- 
tion of PAF is not necessary prior to examination 
in the RIA. Lipid extraction, however, is still 
desirable since it eUminates effects due to the 
non-homogeneity of biological samples and PAF- 
binding proteins such as albumin that may be 
present. Extraction is also usefvil in order to con- 
centrate the analyte in cases where normal PAF 
levels are too low to be measured. 

To test the applicability of the RIA, PAF levels 
in a sample of normal human saliva were quanti- 
fied. Saliva was chosen since it is reported that it 
contains PAF (Cox et al., 1981) and is readily 
obtainable. When quantified by platelet aggrega- 
tion follovying HPLC purification, PAF levels m 
saliva were found to. be very low (for example, 
< 2 pg/ml) (Wardlow, 1985). By RIA, we found 
the PAF content to be much higher (3.2 ng/ml). 
Studies are now being undertaken to determine 
salivary PAF levels in a larger population. There 
appears to be no interference when measuring 
saliva extracts by RIA since the expected values 



were obtained when the sample was diluted and 
when extra PAF was added. 

The sensitivities of the RIA and the platelet 
aggregation assay were found to be similar and 
these assays are both about ten times as sensitive 
as platelet degranulation procedures. The RIA 
offers the advantages of being reproducible and 
simple to perform, so that numerous samples can 
be processed at any one time. The platelet-based 
assays require a lengthy preparation time, are dif- 
ficult to standardise and generally only purified 
PAF should be used due to the possible presence 
in lipid extracts of potential agonists and/or in- 
hibitors of platelet aggregation. Accurate quantita- 
tion of PAF by this method is difficult because of 
the variable nature of the aggregation response. A 
recent improvem^t to platelet-based procedures 
has been the use of 'H-PAF in radioreceptor 
binding assays, utilizing either whole canine 
platelets (Janero et al., 1988) or rabbit platelet 
membranes (Paulson and Nicholson, 1988). These 
assays are based on the displacement of tracer 
PAF from the PAF-receptor complex by cold PAF 
and offer increased reproducibility over the older 
methods. They do, however, suffer from the disad- 
vantage of high non-specific binding and have the 
potential for detecting substances other than PAF 
which bmd to the receptor. Tlie sensitivities of the 
receptor-based assays are similar to the RIA, rang- 
ing down to 10-20 pg. 

In summary, the assay described here should be 
appUcable to a wide variety of biological samples. 
Smce extraction (usually by the Bligh-Dyer 
method) is generally likely to be the only prepara- 
tion required, the procedure has a high capacity. 
Sensitivity is likely to be sufficient for most sam- 
ples and can also be increased by extraction. Using 
this assay it should be possible to examine rapidly 
large numbers of clinical samples such as blood, 
urine, saUva, sputimi and various lavage fluids. 
Hence, a clearer understanding of the role of PAF 
in health and disease should emerge in the near 
future. 
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